A new code structure for spectral amplitude coding optical code division multiple access system based on Double Weight (DW) code families is proposed. The DW code has a fixed weight of two. Modified Double Weight (MDW) code possesses ideal cross-correlation properties and the weight can be any even number, which is grater than two. The MDW code possesses ideal cross-correlation properties and exists for every natural number n. Using the MDW code compared to the existing codes such as Hadamard and Modified Frequency-Hopping (MFH) codes canprovide a much better performance. This has been demonstrated from the experiment simulation.
Introduction
OCDMA system have been investigated for about two decades and received a lot of attention [1, 2, 3, 4] . This is due to its excellent performance, such as asynchronous access to the netowork [5] , high security operation [6] , and high capacity in burst networks [7] . In the recent years, optical-spectralamplitude-coding CDMA (OSCDMA) system attracts more attention because its ability to reduce multiple access interference (MAI) by suing subtraction detection techniques with fixed in-phase cross correlation [8, 9] .
OSCDMA is a multiplexing technique adapted from the successful implementation in wireless networks. Many codes have been introduces for OSCDMA system. Among the popular codes are Hadamard code, modified quadratic congruence (MQC) code, M-sequence code, modified frequency hopping (MFH) code. However these codes suffer from various limitations one way or another. The codes construction are either complicated or the cross-correlation are not ideal. This paper will discuss about the MDW code construction and its performance in the comparison with what have been presented in Hadamard and MFH codes. This is achieved through the software simulation.
Code design

DW code construction
The new proposed code families are referred to as DW codes. It can be constructed using the following steps.
Step 1:
The DW code can be represented by using the K × N matrix. In DW code structure, the matrix K rows and N columns represent the number of users and the minimum code length respectively. A basic DW code is given by a 2 × 3 matrix, as shown below:
Notice that H1 has a chips combination sequence of 1, 2, 1 for the three columns (i.e. 0 + 1, 1 + 1, 1 + 0).
Step 2:
A simple mapping technique is used to increase the number of codes as shown below:- 
Note that as the number of users, K increases, the minimum code length required, N also increases. The relationship between the two parameters, K and N is given by Eq. (3):
It is important that the weight positions are maintained in pairs, so that less number of filters can be used in the encoder and decoder. This way, a filter with the bandwidth twice of the chip width can be used, instead of two different filters.
MDW code construction
The MDW code weight can be any even number that is greater than 2. MDW codes can also be represented by using the K × N matrix. The basic matrix for MDW can be developed by using the following steps:
The general form of the basic matrix of a MDW code with weight, W is shown in Fig. 1 
Step 2: There are two basic components in the basic matrix of MDW codes, which are:-Basic code length,
and Basic number of user
where basic code length N B represents the basic code's column size and basic number of user K B is the basic code's row size. The MDW matrix is thus can be simply represented in the form of a K B × N B matrix. In this paper, the MDW with the weight of 4 is used as an example. For W = 4, from Eq. (8), the basic number of user or the column size is:
and from Eq. (9), the basic row size is:
Therefore, the basic matrix for MDW 4 consists of a 3 × 9 matrix. The element in each section depends on the value of n, for W = 4, n = 2. The elements in the basic matrix for MDW at W = 4 are thus: The basic MDW code denoted by (9, 4, 1) or alternatively [H 4 ] is therefore given by:
Notice that the similar structure of the basic DW code, H is still maintained with a slight modification, whereby the double weight pairs are maintained in a way to allow only two overlapping chips in every column. Thus, the 1, 2, 1 chips combination is maintained for every three columns as in the basic DW code. This is important so that the ideal cross correlation λ = 1 can be preserved.
To increase the number of users, the same mapping technique as for the DW code can be applied. An MDW code with weight 4 denoted by (N 4 , 4, 1) for any given code length N 4 , can be related to the number of users K through:
Performance Analysis
The performance of MDW, MFH and Hadamard codes was simulated by using commercial simulation software, OptiSystem Version 4.0. A simple schematic block diagram consisting of 4 users is illustrated in Fig. 2 . Each chip has a spectral width of 0.7 nm. The tests was carried out at the rate At the receiver side of the system, the incoming signal splits into two parts, one to the decoder that has an identical filter structure with the encoder and the other to the decoder that has the AND filter structure. A subtractor is then used to subtract the overlapping data from other users. The results (eye pattern) taken after the subtraction for MDW, Hadamard MFH codes are shown in Fig. 3 (a)-3 (c) , respectively.
The eye patterns in Fig. 3 clearly depicts that the MDW code system gave a better performance compared to the eye-patterns in Fig. 3 (b) and 3 (c) . The corresponding simulated BER for MDW, Hadamard and MFH codes systems were 10 −12 , 10 −3 and 10 −4 respectively. Figure 3 (b) and 3 (c) also show the cross-talks experienced by Hadamard and MFH codes [10] . The cross-talk was not present in MDW code.
Conclusion
A new variation of optical code structure for amplitude-spectral encoding optical CDMA system has been successfully developed. The MDW code has been proven to provide a better performance compared to the systems encoded with Hadamard and MFH codes. This code posses such a numerous advantages including the efficient and easy code construction, simple encoder/decoder design, existence for every natural number n, ideal crosscorrelation λ = 1, and high SNR. From simulation, the eye pattern of one the four MDW coded carriers running at 10 Gbps via a communication-standard fiber has achieved BER of 10 −12 .
